Objective: The aim of our study was to describe and compare the radiologic findings of esophageal leiomyomas.
lthough it is the most common benign esophageal tumor, esophageal leiomyoma is relatively rare, its overall incidence being 8 43 per 10,000 autopsy series (1, 2) . The reported radiographic findings of esophageal leiomyoma describe it as a smoothly marginated, round or lobulated mass projecting to one or both sides of the mediastinum along the course of the esophagus (3, 4) . Esophagography reveals it as a localized intramural mass contrasting with the surrounding air column (4, 5) .
The CT findings of esophageal leiomyoma have been described in several case reports (4, 6) and in one major paper (7) . According to these articles, it is seen as a homogeneous intramural mass or esophageal wall thickening. No CT reports, however, have detailed the findings in a relatively large series of esophageal leiomyomas. Our study aims to describe and compare the chest radiographic, esophagographic, CT and MR findings of esophageal leiomyoma in 12 patients.
MATERIALS AND METHODS
A search of a pathologic database detailing cases occurring between January 1995 and March 2000 revealed 18 cases of esophageal leiomyoma. In six of these, only enPo Song Yang, MD 1, 2 Kyung Soo Lee, MD 1 Soon Jin Lee, MD 1 Tae Sung Kim, MD 1 doscopic biopsy without surgery was performed and imaging studies had thus not been undertaken. The current study includes the 12 cases in which the tumor was surgically removed; twelve patients were involved, namely ten men and two women aged between 34 and 47 (mean, 39) years. Seven of the 12, in whom the tumor was detected incidentally on routine chest radiographic examinations, were asymptomatic. The remaining five complained of dysphagia (n = 3), substernal pain (n = 2), and epigastric discomfort (n = 2). Esophagography indicated that tumor diameter ranged from 9 to 90 (mean, 47.2) mm.
Initial chest radiographs (n = 12), esophagograms (n = 12), CT scans (n = 12), and MR images (n = 1) were available. Chest radiographs were obtained using a standard posteroanterior projection with a high-kilovoltage technique (125 kVp, 5 mAs, 10 12:1 grid ratio), while for esophagography routine double contrast and mucosal relief study with 200-250% thick barium suspension was used. For most CT scanning, a GE 9800 or HiSpeed Advantage scanner (General Electric Medical Systems, Milwaukee, Wis., U.S.A) was used; enhanced scans (n = 12), after the injection of 30 g of iodinated contrast medium (Iopamidol, Bracco, Milan, Italy), and unenhanced (n = 10) CT scans from the lung apices to the middle portion of both kidneys were obtained, with 7-10 mm collimation. Before acquiring conventional CT images, canography was used to obtain additional high-resolution (1-mm collimation, 5-mm interval) CT scans at the lesion sites of five patients. In one of the five, in whom the initial CT diagnosis was bronchogenic cyst, enhanced and unenhanced T1-and T2-weighted MR images were also obtained. The findings of chest radiography, esophagography, CT and MRI were retrospectively analyzed by two thoracic radiologists and one gastrointestinal radiologist working as a team, and decisions on the findings were reached by consensus. The analysis of chest radiographs included determination of the presence or absence of a tumor and of the obliteration or displacement of mediastinal interfaces and lines. In analyzing esophagograms, determination of the location and shape of the main tumor was included. Location was subcategorized as the upper, middle, or lower esophagus. A tumor was presumed to be in the upper esophagus if located proximal to the aortic arch, in the middle esophagus if between the aortic arch and inferior pulmonary vein, and in the lower esophagus if distal to the right inferior pulmonary vein (8) . Analysis of the CT findings included a tumor's size, shape, margin, homogeneity, attenuation value and degree of enhancement. Its longest diameter, where it appeared largest on axial images, was measured, and it was classified as smooth or lobulated. Tumor attenuation was compared to that of chest wall muscle before and after the injection of contrast medium. The presence or absence of intratumoral necrosis or calcification and of adjacent fat obliteration, peritumoral invasion, pleural effusion, and lymph node enlargement was also noted. The MRI findings were analyzed in terms of signal intensity and tumor enhancement.
RESULTS
Chest radiography detected tumors in 10 of 12 patients, with normal findings in two. The tumors were seen as soft tissue masses with obliteration or displacement of the azygo-esophageal recess interface (n = 8) (Fig. 1) , the aortopulmonary window interface (n = 2), the left paraspinal line (n = 2), the descending aortic interface (n = 2), the superior vena cava interface (n = 1), or the posterior junctional line (n = 1).
Esophagography demonstrated the presence of all tumors. They were located in the upper (n = 1), middle (n = 5), or lower (n = 6) esophagus and were seen as intramural, eccentric, smoothly elevated, sessile lesions of various sizes in 11 patients (Figs. 1 and 2 ) and in the other, in whom CT showed the lesions to be circumferential, as a multilobulated, encircling, soft tissue mass with passage disturbance and mild mural rigidity (Fig. 3) . Neither mucosal destruction nor constricting luminal narrowing was observed in any patient.
One tumor, found at surgery to be 9 mm in its longest diameter, was not revealed by CT. The longest diameter of the remaining 11 ranged from 10 to 90 mm; nine were exophytic and eccentric (Figs. 1 and 3 ) and two were circumferential (Figs. 2 and 3) . They had either a smooth (n = 9) (Figs. 1 and 4) or a lobulated (n = 2) (Figs. 2 and 3 ) margin. 
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The tumors seen in nine of ten unenhanced scans were homogeneous and showed iso (n = 5) or low attenuation (n = 4) (Figs. 2-4) . In five of these cases, the attenuation value ranged from 21 to 39 (mean, 28) HU. Eleven of 12 enhanced scans showed homogeneous enhancement, and compared to chest wall muscle, attenuation was slightly lower (n = 7) or iso (n = 4) (Figs. 1, 2, and 4) . In six such patients, attenuation values ranged from 25 to 51 (mean, 37) HU. Multinodular calcification was seen in one patient but central necrosis, adjacent fat obliteration or peritumoral invasion was not noted and there was neither mediastinal nor hilar lymph node enlargement. In one patient, unenhanced T1-weighted axial MR images demonstrated slight hyperintensity, while enhanced T1-weighted MR images showed slight homogeneous enhancement. On T2-weighted MR images, the lesion was slightly hyperintense (Fig. 1) . white appearance. If their growth is intraluminal, they encroach on the mucosa and appear as sessile or pedunculated polyps. Ulceration of the overlying mucosa is rare, in contrast to its common occurrence in gastric leiomyomas. Esophageal leiomyomas can encircle the entire esophagus in its lower third, and microscopically, have the usual characteristics of a benign smooth muscle tumor. Local resection or enucleation is usually successful (9, 10) .
Esophageal leiomyomas are usually solitary, ranging from 2 to 6 cm in diameter. Especially when large, they may be recognized as posterior mediastinal masses with a mass effect on an adjacent organ (3, 4) . Multiple esophageal leiomyomas are rare (11) (12) (13) , and though have been reported in a patient with Alport syndrome (13) . Esophagography reveals them, in profile, as smoothly round or crescentic filling defects. When viewed en face, they appear as round or lobulated filling defects sharply outlined by the barium flowing around each side. Sharp demarcation between their edges and the involved esophagus is characteristic. The overlying mucosal folds are normal, showing no evidence of infiltration, ulceration, or undercutting at the tumor margin (4, 5) .
According to the reported CT findings, esophageal leiomyomas are smoothly marginated, round or ovoid masses of muscle attenuation, lying intramurally or eccentrically within the esophageal wall. Surrounding mediastinal fat is not usually disrupted (4, 6). In our study, enhanced scans showed that tumor attenuation was homogeneously low or iso and, characteristically, the same even when contrast medium was administered. These findings of homogeneity and slight enhancement contrast with those of uterine leiomyomas, which show recognizable enhancement and heterogeneity owing to calcification, hyaline and cystic degeneration, infection or necrosis (14) . This difference in the degree of enhancement is presumed to be due to the relatively small vascular supply of the esophageal tumors. Esophageal leiomyomatosis, occurring in children and young adults, may appear as marked wall thickening at CT (12) , and the distal third or half of the esophagus and occasionally the proximal stomach are involved. In our study, a circumferential esophageal mass was revealed by CT in two patients. Its lobulated margin and uneven thickness of the mass were, however, different from the findings observed in leiomyomatosis. Furthermore, the tumors appeared as eccentric or multilobulated encircling filling defects. In esophageal leiomyomatosis, esophagography reveals smooth, tapered narrowing of the distal esophagus (12) . In our study, multinodular calcification was observed in one (8%) of 12 patients, a frequency similar to that mentioned in a previous report (1/9, 11%) (6) .
There have been few published accounts of the MR findings of esophageal leiomyomas. On T2-wighted images their signal is usually iso intense, while in esophageal cancer a high-intensity signal is normally observed (15) . In our study, T2-wighted images showed that the lesion was slightly more hyperintense than chest wall muscle. Although leiomyoma of the esophagus is relatively rare, it is the most common benign tumor involving this structure. In a series of 7,459 autopsies, Moersch and Harrington (2) detected only 44 benign tumors of the esophagus. Thirty-two (73%) of these, however, were leiomyomas. In a series of 103 benign esophageal tumors obtained from surgical and autopsied patients, Totten et al. (16) found 46 (45%) of 103 tumors to be leiomyomas.
Approximately 90 percent of esophageal leiomyomas occur in patients between 20 and 60 years old (3, 4) ; in our study, patient age ranged from 34 to 47 (mean, 39) years. Surgical incidence peaks during the third and fourth decades, indicating that symptomatic tumors are confined primarily to early adult and middle life. The tumors have a slight predilection for the male sex, with some series reporting a male to female ratio as high as 2:1. In our study, this ratio was 5:1 (10 men and 2 women).
Approximately 60 % of leiomyomas occur in the lower third of the esophagus, 33% in the middle third and 7% in the upper third (17) . Their relative rarity in the upper esophagus reflects the smaller amount of smooth muscle in that region. In our study, one, five and six tumors occurred in the upper, middle and lower esophagus, respectively.
About 50 percent of patients remain asymptomatic, while varying degrees of dysphagia and substernal pain are the most common presenting symptoms. A tumor's size and growth characteristics are the principal factors governing the appearance of symptoms. Reviews of surgically treated cases suggest the average size of symptomatic tumors is 6 8 cm, though, tumors twice as large as this are common (3, 4, 17) . Esophageal leiomyomas grow slowly and usually produce intermittent, insidiously progressive symptoms. Occasionally, they encircle the esophagus in a serpentine or U-shaped fashion and cause obstructive symptoms.
Recourse to surgery depends on a tumor's size and location, as well as mucosal fixation, stomach involvement, and its adherence to contiguous structures (18) . Enucleation without entering the esophageal lumen, or esophageal resection, is successful even with a large tumor (19) . In our study, all patients underwent enucleation, regardless of tumor size. There is no debate as to whether symptomatic esophageal leiomyomas should be removed, but there is no consensus as to whether asymptomatic small leiomyomas should be resected. Because both small esophageal cancer and leiomyoma do not usually cause symptoms, and be-cause imaging studies alone do not provide a sound basis for differential diagnosis, enucleation or surgical biopsy may be performed even where esophageal leiomyomas are small, as in our cases.
In summary, esophageal leiomyoma, usually located in the middle or distal esophagus, appears on chest radiographs as a posterior mediastinal mass. Esophagography, in which the tumor is seen as an intramural, eccentric, smoothly elevated, sessile lesion, varying in size, is the most reliable form of diagnosis. Even where contrast medium is administered, CT reveals a lesion which demonstrates homogeneous low or iso attenuation, while T2-weighted MRI indicates the presence of one which is slightly hyperintense.
